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It is thought that the longer-term variations of the solar activity may affect the Earth’s climate. Therefore, predicting the next 
solar cycle is crucial for the forecast of the “solar-terrestrial environment”. To build prediction schemes for the next solar cycle 
is a key for the long-term space weather study. At the beginning of the talk, we will briefly review how to predict the next solar 
cycle. 
Recently, the relationship between polar magnetic field at the solar minimum and next solar activity is intensively discussed. 
Because we can determine the polar magnetic field at the solar minimum roughly 3 years before the next solar maximum, we 
may discuss the next solar cycle 3years before. Further, the longer term (~5 years) prediction might be achieved by estimating 
the polar magnetic field with the Surface Flux Transport (SFT) model. Now, we are developing a prediction scheme by SFT 
model as a part of the PSTEP (Project for Solar-Terrestrial Environment Prediction) and adapting to the Cycle 25 prediction. We 
find that the observed axial dipole moment becomes approximately constant during the period of several years before each cycle 
minimum, which we call the axial dipole moment plateau. The cross-equatorial magnetic flux transport is found to be small 
during the period, although a significant number of sunspots are still emerging. The results indicate that the newly emerged 
magnetic flux does not contribute to the build up of the axial dipole moment near the end of each cycle. This is confirmed by 
showing that the time variation of the observed axial dipole moment agrees well with that predicted by the SFT model without 
introducing new emergence of magnetic flux. These results allow us to predict the axial dipole moment at the Cycle 24/25 
minimum using the SFT model without introducing new flux emergence. The predicted axial dipole moment at the Cycle 24/25 
minimum is 60–80 percent of Cycle 23/24 result suggests that the amplitude of Cycle 25 is weaker than the current cycle (Figure 
1). We also discuss about the grand minimum. 
We also try to obtain the meridional flow, differential rotation, and turbulent diffusivity from recent modern observations 
(Hinode and Solar Dynamics Observatory). These parameters will be used in the SFT models to predict the polar magnetic fields 
strength at the solar minimum. In this presentation, we will explain the outline of our strategy to predict the next solar cycle and 
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Figure 1. Maximum value of the 13-month smoothed 
monthly total sunspot number in each sunspot cycle (Cycle 
22, 23, and 24; diamond) and the predicted cycle amplitude 
in Cycle 25 (cross) as a function of the axial dipole moment 
at the previous minimum predicted from the mag- 
netogram observed three years before the minimum. The 
least-square fit for Cycles 22, 23, and 24 that crosses the 
point of origin is shown	 as	 the	 dashed	 line.	 The	correlation	coefficient	for	Cycles	22,	23,	and	24	is	0.99.	  
 
H. Iijima et al.: Plateau of solar axial dipole moment
where ✓ is the colatitude. The meridional flow V✓ is taken from
van Ballegooijen et al. (1998). The turbulent magnetic di↵usiv-
ity ⌘ is assumed to be 250 km2 s 1 (e.g., Cameron et al. 2016).
This one-dimensional SFT equation can describe the evolution
of the azimuthally averaged magnetic field that is analytically
identical to the original two-dimensional SFT equation with
the longitudinally and temporally constant turbulent di↵usivity,
meridional flow, and di↵erential rotation. Because we only fo-
cus on the azimuthally averaged axial dipole moment or the ax-
ial magnetic dipole moment, this one-dimensional SFT equation
is su cient for this study. The equation is solved by the second-
order central finite di↵erence scheme in space and the second-
order Strong Stability Preserving Runge-Kutta method in time.
The advection term is stabilized only by the turbulent magnetic
di↵usion and no additional artificial di↵usion is used. The latitu-
dinal grid size is 5.5 Mm in this study.
The thin solid lines in Fig. 1 show the simulations of our
SFT model (Eq. (2)) that do not include the contribution of the
new flux emergence. Each SFT simulation is started from each
snapshot of the longitudinally averaged synoptic magnetogram
and integrated for 5 years. Near the cycle maximum, the ob-
served axial dipole moment greatly changes in time and changes
the sign of the axial dipole moment. On the other hand, the axial
dipole moment predicted by the SFT evolves toward to the value
in the preceding minimum. This behavior is caused because
the independent tilted active region contributes to the global
axial dipole moment (e.g., Wang & Sheeley 1991; Jiang et al.
2014; Yeates et al. 2015). When the latitude of the emergence
is high enough, this contribution is transient and eliminated by
the poleward transport of the active region. When the active re-
gion emerged at low latitude (as in the latter part of the solar
cycle), the magnetic flux of the preceding polarity can be trans-
ported across the equator. This contribution is not canceled by
the poleward transport. This feature is shown more clearly in the
HMI/MDI data than in the WSO data in which small active re-
gions are flattened (or averaged) by the lower spatial resolution.
During the plateau of the axial dipole moment near the end of
each cycle, the time variation of the predicted dipole moment
also becomes small. The simulated axial dipole moment shows
good agreement with the observed dipole moment. The small
time variation of the axial dipole moment during the plateau in-
dicates small cross-equatorial transport of the magnetic flux. Al-
though we do not show the WSO data in Cycle 23 and 24 for the
visibility of Fig. 1, we note that the observed and predicted ax-
ial dipole moments of the WSO data also exhibit characteristics
similar to the MDI/HMI data.
Under the assumption that the contribution of the emerging
flux is negligibly small in the period of several years before each
cycle minimum, we predict the future axial dipole moment and
the cycle amplitude with the SFT model without the new flux
emergence. As shown in Fig. 2, the cross-equatorial flux trans-
port in Cycle 24 becomes approximately zero from the begin-
ning of 2016. This result allows us to predict the axial dipole
moment at the Cycle 24/25 minimum from the current observa-
tion. Figure 3 shows the amplitude of the solar sunspot cycle as
a function of the three-year prediction of the axial dipole mo-
ment at the cycle minimum. The amplitude of each cycle is mea-
sured by the 13-month smoothed monthly total sunspot number.
The total sunspot number is averaged over the six months be-
fore and after the cycle maximum. The predicted axial dipole
moment at the cycle minimum is simulated from the synoptic
magnetogram 3 years before the solar minimum by the SFT
neglecting new emergence of magnetic flux. The axial dipole
moment is averaged over the six months before and after the
Fig. 3. Maximum value of the 13-month smoothed monthly total
sunspot number in each sunspot cycle (Cycle 22, 23, and 24; diamond)
and the predicted cycle amplitude in Cycle 25 (cross) as a function of the
axial dipole moment at the previous minimum predicted from the mag-
netogram observed three years before the minimum. The least-square
fit for Cycles 22, 23, and 24 that crosses the point of origin is shown
as the dashed line. The correlation coe cient for Cycles 22, 23, and 24
is 0.99.
timing of 3 years before the solar minimum. At the Cycle 23/24
minimum (at the end of Cycle 23) and Cycle 24/25 minimum,
multiple data sources (WSO, MDI, and HMI) are available. In
such cases, we use the average value of the axial dipole mo-
ments independently predicted from the available data sources.
The cycle maximum/minimum is defined as the date on which
the 13-month smoothed monthly total sunspot number becomes
maximum/minimum.
The predicted axial dipole moment is highly correlated to the
amplitude of the next cycle with a correlation coe cient of 0.99
for Cycles 22, 23, and 24. This proves the predictability of the
future solar cycle using our method. We assume the proportional
relation between the predicted axial dipole moment of the min-
imum and the maximum sunspot number in the next cycle and
apply the least-square fit for Cycles 22, 23, and 24. Based on the
relation, we predict that the maximum total sunspot number in
Cycle 25 will be 60–80 percent of Cycle 24. The error range of
the predicted value comes from the averaging procedure to mea-
sure the total sunspot number and the axial dipole moment, the
deviation from the proportional relation between them, and the
di↵erence among the multiple instruments. We also note that the
deviation of the observed axial dipole moment exists between
the WSO (⇠1.77 G) and HMI (⇠1.39 G; bottom right panel in
Fig. 1) data in 2015–2017 as a source of the prediction error.
4. Discussion
In this study, we show that the solar cycles 21–24 have the com-
mon characteristic that the axial dipole moment hardly changes
during the period near the end of each cycle, which we call the
axial dipole moment plateau. The cross-equatorial flux trans-
port becomes very small during the period. This is also con-
firmed by showing that the time evolution of the axial dipole
moment is well described by the simplified SFT model without
the new flux emergence. The axial dipole moment predicted by
the SFT model shows high correlation to the amplitude in the
next cycle, which allows us to predict the amplitude of Cycle 25.
We get a high correlation between the axial dipole moment
predicted three years before the cycle minimum and the ampli-
tude of the next cycle maximum. We note that the similar high
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